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Emerging data suggest that C reactive protein may be a
mediator as well as a marker of atherosclerosis
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A
large body of evidence has shown that
atherosclerosis is an inflammatory disease.
Vascular inflammation contributes to the

pathogenesis of atherosclerosis and, later in the
disease process, is a major contributor to acute
coronary syndromes.1 Recently, it has been
suggested that inflammation might play a key
role also in microvascular dysfunction of patients
with syndrome X (typical exertional chest pain, a
positive exercise stress test response, and normal
coronary angiogram).2–4 Triggers and pathways
of inflammation are probably multiple and
different in these different settings—that is,
atherogenesis, acute coronary syndromes, and
syndrome X. The identification of specific trig-
gers and mechanisms of inflammation in each
specific clinical setting might lead to new ways in
its management.

INFLAMMATION AND ATHEROGENESIS
The triggers of inflammation in atherogenesis
coincide with atherogenic stimuli like hyper-
tension, hypercholesterolaemia, diabetes, and
smoking. Through a variety of mechanisms, they
enhance the production of reactive oxygen
species, such as superoxide, that ultimately lead
to activation of the vascular renin–angiotensin
system as well as endothelial release of tran-
scriptional and growth factors, proinflammatory
cytokines, chemoattractant substances, and
adhesion molecules.5 6 This complex cascade of
events underlies the transition from normal
endothelial function to endothelial dysfunction,
resulting initially in abnormal vasomotor activity
and then in atheroma formation. Several studies
have documented a close relationship between
the degree of inflammation and microvascular
endothelial dysfunction. Fichtlscherer and col-
leagues7 found that patients with coronary artery
disease and higher C reactive protein (CRP)
concentrations, compared to those with lower
CRP values, exhibited a reduced forearm vaso-
dilator response to acetylcholine. Interestingly,
normalisation of elevated CRP values over time
was associated with a normalisation of endo-
thelium mediated blood flow responses.
Accordingly, Cleland and colleagues8 found that
CRP concentrations correlate with basal forearm
blood flow also in healthy subjects, thus fur-
ther supporting the notion that inflammatory
mechanisms play an important role in deter-
mining microvascular endothelium mediated

vasomotor dysfunction in the very early phases
of atherogenesis.

INFLAMMATION AND ACUTE
CORONARY SYNDROMES
A growing body of data indicates that plaque
inflammation plays a key role in the patho-
genesis of unstable acute coronary syndromes, as
cytokines secreted by activated inflammatory
cells have the potential to activate the endo-
thelium, transforming its antiaggregant and
anticoagulant properties into aggregant and
procoagulant properties.1 9 Furthermore, they
may reduce matrix synthesis and increase its
degradation, thus favouring plaque rupture.1 9

Plaque inflammation may also be responsible
for the increased vasoreactivity of the culprit
lesion observed in patients with unstable
angina,10 as suggested by an increased tissue
endothelin-1-like immunoreactivity at the site of
the unstable atherosclerotic plaque.11 In this
regard, we have recently investigated the relation
between systemic inflammation and coronary
vasoreactivity at the site of the culprit lesion in
patients with unstable angina. We found that
elevated CRP concentrations are independently
associated with enhanced vasoreactivity of the
culprit lesion.12 Indeed, patients with elevated
CRP values exhibited both a greater dilation of
the culprit lesion after intracoronary glyceryl
trinitrate (an endothelium independent stimu-
lus) and a greater constriction of the culprit
lesion during cold pressor test (an endothelium
dependent stimulus), thus suggesting in these
patients both an enhanced resting tone of the
culprit lesion and an alteration of endothelium
dependent vasodilation. Of note, the uninvolved
epicardial coronary segments exhibited similar
responses in patients with normal and elevated
CRP concentrations, supporting the concept that
the enhanced vasoreactivity is a local plaque
related phenomenon.12 Therefore, inflammation
is likely to play a pivotal role in both the key
pathogenetic components of acute coronary syn-
dromes—plaque disruption with superimposed
thrombosis and enhanced vasoreactivity of the
culprit lesion.
The role of inflammation in coronary micro-

circulatory dysfunction in the setting of acute
coronary syndromes is still poorly known. It is
well established that coronary microvascular
function plays an important modulatory role in
the pathophysiology of myocardial ischaemia in
patients with unstable angina.13 Our preliminary
findings obtained in non-culprit arteries of
patients with unstable angina showed that
elevated CRP concentrations are associated with
a lesser increase of coronary blood flow during
both endothelium dependent and endothelium
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independent stimuli, thus suggesting that inflammatory
mechanisms may cause a generalised coronary microvascular
dysfunction in these patients (unpublished data).

INFLAMMATION AND SYNDROME X
It has recently been suggested that inflammation is also
involved in coronary microcirculation abnormalities observed
in patients with cardiac syndrome X.2–4 Both endothelial cell
activation and coronary endothelial dysfunction have been
reported in these patients, which may result in an increased
release of constricting factors and the production of pro-
inflammatory cytokines, cell adhesion molecules, and growth
factors responsible, in turn, for microvascular dysfunction.
Recently, Tousoulis and colleagues3 reported higher inter-
cellular cell adhesion molecule 1 and vascular cell adhesion
molecule 1 values in patients with cardiac syndrome X,
compared with healthy individuals. Moreover, Cosin-Sales
and colleagues4 reported that CRP values correlate with
symptoms and ECG markers of myocardial ischaemia in
these patients, thus suggesting that inflammatory mechan-
isms may be responsible, at least in part, for endothelial
dysfunction and increased disease activity in patients with
cardiac syndrome X.
The article by Teragawa and colleagues14 in this issue of

Heart provides new insights into the relation between
inflammation and coronary microcirculatory dysfunction.
They investigated the relation between CRP concentrations
and coronary microvascular endothelial function in 46
Japanese patients with atypical chest pain and angiographi-
cally normal coronary arteries. They found that CRP values
are inversely and independently correlated with acetylcholine
induced changes in coronary blood flow. In keeping with
previous studies showing a close relation between inflamma-
tion and peripheral endothelial function7 8 in patients with
cardiac syndrome X,2–4 this study further suggests a close
relation between inflammatory mechanisms and coronary
microvascular dysfunction. A limitation of this study is the
poor clinical characterisation of the patients. Indeed, it is not
clear whether the association between endothelial dysfunc-
tion in coronary microcirculation and raised CRP occurs in
the setting of early atherosclerosis or cardiac syndrome X.

IMPLICATIONS
Besides their role in atherogenesis and in acute coronary
syndromes, inflammatory mechanisms are likely to also play
a role in coronary microvascular dysfunction. However,
triggers and mechanisms of inflammation in this setting
are largely unknown and probably different to those involved
in the two other pathophysiological conditions. Therefore,
specific mechanisms of microvascular dysfunction caused by
inflammation should be further investigated in order to
establish tailored therapeutic strategies. Of note, emerging
data suggest that CRP may be a mediator as well as a marker
of atherosclerosis. In fact, CRP induces expression of cellular
adhesion molecules, inteleukin-6, and endothelin-1 by
endothelial cells.15 CRP also mediates monocyte chemo-
attractant protein-1 induction,16 and it has been shown to
mediate uptake of low density lipoprotein by macrophages.17

Furthermore, CRP attenuates nitric oxide production and

inhibits angiogenesis18 and, very recently, has been shown to
upregulate angiotensin type 1 receptors in vascular smooth
muscle19 and to decrease prostacyclin release from endothe-
lial cells.20 Thus, lowering CRP concentrations by, for
example, use of statins and/or aspirin,21 might improve
coronary microvascular dysfunction. Whether this is a valid
approach, however, is still unknown and deserves further
investigation. Indeed, as mediators of inflammation are
multiple, the strategy of indentifying triggers and mechan-
isms of inflammation in each specific clinical setting and
directing treatment at the specific triggers or to rate limiting
steps in effector pathways appears more reasonable.
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